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Background: Repeat cross sectional surveys document the trend of prevalence rates for non-
communicable diseases and their risk factors. In this study, we compare the prevalence
rates for risk factors for cardiovascular disease in urban and rural Vellore between 1991–1994
and 2010–2012.
Methods: Cross sectional survey was carried out in 1991–1994 in a rural block in Vellore
district and in Vellore town, to study the prevalence of cardiovascular risk factors among
adults aged 30–60 years. A repeat survey was done in 2010–2012 using the WHO STEPS
method. In both surveys, socio-demographic and behavioral history, physical measure-
ments, biochemical measurements, and medical history were obtained. Age adjusted rates
were used to compare the rates in the two surveys.
Results: In the rural areas, there was a three times increase in diabetes and body mass index
(BMI) ≥25 kg/m2 (overweight/obese) with a doubling of the prevalence of hypertension. In
urban areas there was a tripling of diabetes, doubling of proportion with BMI ≥ 25 kg/m2 and
50% increase in prevalence of hypertension. While the proportion of male current smokers
reduced by 50% in both rural and urban Vellore, lifetime abstainers to alcohol decreased in
the rural area from 46.8% to 37.5% (p < 0.001).
Conclusions: There has been an alarming rise in diabetes, hypertension, and overweight/
obese with an even greater increase in rural areas. Alcohol use is increasing while smoking is
on the decline. Primary prevention programs are required urgently to stem the rising
incidence of non-communicable diseases in India.
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The prevalence of coronary heart disease in India has been
found to be progressively increasing from approximately 6.5% in
urban areas in the 1960s to 10.5% in 2000, and from 2% in the
1970s in the rural areas to about 4.5% in 2000.1 Traditional risk
factors such as diet, physical activity, abnormal lipids, diabetes,
and hypertension have been shown to account for most of the
risk for myocardial infarction worldwide.2 Various cross
sectional surveys throughout the country have shown the
increasing prevalence of cardiovascular risk factors such as
diabetes and hypertension.3–6However, evidence from repeated
cross-sectional surveys in the same location is limited with only
a few such periodic surveys e.g. Jaipur, Chennai.7–10 Cardiovas-
cular risk factor surveillance is an important component of
control programs for non-communicable diseases (NCDs) and
repeated cross sectional surveys drawn from the same popula-
tion are useful for monitoring population trends.11
This paper compares the ﬁndings from two cross sectional
studies conducted in urban and rural areas of Vellore, Tamil
Nadu, in 1991–1994 and 2010–2012, assessing the changes in
prevalence of risk factors for coronary heart disease. The
detailed results of the repeat survey conducted in 2010–2012
have been published separately.12
2. Methods
2.1. Study design
A cross sectional study done in 1991–1994 in Vellore town and
a rural block of Vellore district was repeated in 2010–2012 in
the same location. These surveys were conducted as part of a
multi-centric study with the other centers being rural and
urban Delhi.
2.2. Setting and sample selection
In 1991–1994 a study was conducted in 20 urban clusters of
Vellore town and 23 clusters of Kaniyambadi, a rural block in
Vellore district, using probability proportional to population
size, to document the prevalence of coronary heart disease
and its risk factors.
A repeat survey was done in 48 urban clusters (12
consecutive clusters each from four urban zones) and nine
randomly selected clusters out of the 23 rural clusters
surveyed earlier, between June 2010 to December 2012, in
the same town and rural block.
In the ﬁrst survey, all individuals aged 30–60 years currently
residing in the selected urban and rural clusters were invited to
participate. In the repeat survey, the ﬁrst 40 consecutive
households from a randomly selected street in each of the 48
urban clusters were selected for the survey in the urban area,
while all eligible individuals aged 30–64 years in the selected
rural clusters were invited. As the ﬁrst survey was done among
adults aged 30–60 years and the second among 30–64 years, the
comparison of results in this paper is restricted to the
population aged 30–60 years in both surveys. There were no
other exclusion criteria except age as mentioned.The eligible populations (all those aged 30–60 years) in the
study areas and response rates obtained in the two surveys are
shown in Fig. 1. Overall the numbers of participants examined
in the ﬁrst survey were 7342 (4693 rural, 2649 urban) and 4845
(3058 rural, 1787 urban) in the second survey (Fig. 1).
2.3. Measurements and data collection
In the ﬁrst survey, the questionnaires used were prepared
jointly by both the study sites in conjunction with experts at
the Indian Council of Medical Research, pre-tested and
checked for reliability using repeated pilot surveys before
administration by ﬁeld workers through house-to-house
interviews. In the repeat survey, the WHO STEPS method
and questionnaire13were used with information being collected
by trained ﬁeld workers through home visits and details of
the methodology have been described in an earlier paper.12
In both surveys, special clinics were arranged at the villages/
wards for the interviewed participants to collect clinical data,
physical measurements, and fasting blood samples.
While in the 1991 survey, a random zero sphygmomanom-
eter was used to record blood pressure, taking an average of
three readings, the second survey used an automated
apparatus (Omron HEM 7080), taking an average of two
readings. Height was measured using an SECA 213 stadiometer
and weight using a digital weighing machine (Essae, accuracy
0.01 kg). Venous blood samples were collected early morning
after an overnight fasting of at least 8 hours. In both surveys
plasma glucose was tested using the enzymatic calorimetric
glucose-oxidase peroxidase method and lipids by calorimetric
CHOD-PAP method, using autoanalysers. In the ﬁrst survey
accuracy of the biochemical measurements was checked by
analyzing quality control sera from M/S Boehringer Mannheim
Co., West Germany along with every batch of samples. The
values obtained from the quality control sera and the study
samples were comparable throughout the study period of the
ﬁrst survey. The quality control methods for the second survey
have been described in the earlier paper.12
Written informed consent was obtained from the partici-
pants, and the study was approved by the Institutional
Research Committee and Ethics Board of the tertiary health-
care institution conducting the study.
2.4. Statistical methods
Sample sizes calculated for the second survey based on
expected prevalence of CHD of 1.7% in the rural area and 6% in
the urban area were 5000 and 3000 respectively, as described in
the earlier publication.12 Age adjustment was done by direct
standardization of the results of the second survey to the
survey population in 1991–1994, to enable comparison of the
rates obtained in both surveys. Comparison of proportions was
done using the chi-square test and of means using the
independent t-test. Due to lack of complete availability of raw
data from the initial survey and differences in data collection
tools and deﬁnitions, only those parameters could be
compared for which comparable information was available
from both surveys. Therefore, the comparison is restricted to
comparison of prevalence rates of current smoking, lifetime
abstainers (alcohol), diabetes (fasting blood sugar ≥126 mg% or
Fig. 1 – Eligible population (all those aged 30–60 years) and response rates.
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or on medication), body mass index (BMI) ≥25 kg/m2 to deﬁne
overweight/obese, according to the deﬁnitions proposed in the
WHO STEPS methodology,13 as well as total cholesterol
>200 mg% or on medication, triglycerides >190 mg% and
HDL cholesterol ≤40 mg%.14 Comparison of prevalence of
diabetes in the urban area was restricted to comparison of
persons with fasting blood sugar >140 mg% or on medicationTable 1 – Distribution of socio-demographic factors in the two 
Characteristics Rural (% of total) 
Males Females 
1991 2010 1991 2
Age (years)
30–39 years 791 (38.4) 482 (31.8) 1148 (43.6) 70
40–49 years 646 (31.4) 544 (35.8) 837 (31.8) 67
50–60 years 622 (30.2) 502 (33.1) 649 (24.6) 60
Total 2059 1518 2634 
Education
≤8 years 1535 (74.6) 752 (49.7) 2468 (93.7) 156
>8 years 524 (25.4) 760 (50.3) 166 (6.3) 41
Occupation
Unskilled labor 589 (28.6) 531 (35.7) 749 (28.4) 84
Unemployed/
housewives
13 (6.7) 50 (3.4) 1451 (55.1) 88
Others 1332 (64.7) 907 (60.9) 434 (16.5) 26in both surveys, as this was the only comparable information
available from the earlier survey.
3. Results
Socio-demographic characteristics of the two surveyed popu-
lations are shown in Table 1. The educational level of thesurveys.
Urban (% of total)
Males Females
010 1991 2010 1991 2010
6 (35.5) 494 (42.9) 341 (35.1) 694 (46.3) 495 (39.8)
2 (33.8) 320 (27.9) 364 (37.4) 404 (26.9) 417 (33.5)
9 (30.6) 335 (29.2) 267 (27.5) 402 (26.8) 332 (26.7)
1987 1149 972 1500 1244
3 (79.2) 705 (61.4) 399 (41.3) 1194 (79.6) 704 (56.9)
0 (20.8) 444 (38.6) 568 (58.7) 306 (20.4) 534 (43.1)
0 (42.3) 136 (11.8) 188 (19.7) 76 (5.1) 156 (12.5)
0 (44.3) 63 (5.5) 64 (6.7) 1254 (83.6) 871 (70.0)
7 (13.4) 950 (82.7) 704 (73.6) 170 (11.3) 217 (17.4)
Table 2 – Trend of risk factors among rural participants between 1991–1994 and 2010–2012.
Risk factors Prevalence rates in males %, 95% CI Prevalence rates in females %, 95% CI
1991 2010 2010 age
adjusted ratesa
1991 2010 2010 age
adjusted ratesa
Current smokers 45.9, 43.7–48.1 24.4,* 20.1–28.7 23.4, 20.9–25.8 0 0 0
Lifetime abstainers (alcohol) 46.8, 44.6–49.0 37.5,* 35.0–40.0 37.9, 34.8–41.2 100 98.3,* 97.7–98.9 98.5, 94.0–100
BMI ≥ 25 kg/m2
(overweight/obese)
8.5, 7.3–9.7 27.0,* 21.9–31.9 27.0, 24.1–29.9 11.0, 9.8–12.2 35.2,* 27.9–42.6 34.9, 32.1–37.7
Total cholesterol >200 mg%
or on medication
13.8, 11.9–15.7 27.5,* 21.6–33.3 26.7, 23.8–29.6 13.7, 12.1–15.3 24.6,* 17.9–31.2 22.9, 20.6–25.2
HDL ≤ 40 mg% 69.1, 66.6–71.6 64.7, 61.9–67.5 64.8, 60.2–69.5 61.7, 59.4–64.0 53.6,* 51.1–56.1 53.7, 50.1–57.3
Triglycerides >190 mg% 12.9, 11.1–14.7 19.3,* 15.9–22.6 19.2, 16.7–21.8 8.7, 7.4–10.0 10.2, 8.6–11.9 9.5, 8.0–10.9
BP ≥ 140/90 mm Hg or
on medication
7.9, 6.7–9.1 18.0,* 12.6–23.4 17.0, 16.8–17.3 7.4, 6.4–8.4 13.3,* 10.9–15.6 12.1, 11.9–12.2
Fasting sugar ≥126 mg%
or on medication
3.6, 2.6–4.6 11.4,* 8.7–14.1 10.1, 8.4–11.8 2.5, 1.8–3.2 9.6,* 6.9–12.3 8.4, 7.1–9.7
a Adjusted to 1991 survey population.
* Chi-square p < 0.001, comparison of rates in 1991 and 2010.
Table 3 – Trend of risk factors among urban participants between 1991–1994 and 2010–2012.
Risk factors Prevalence rates in males %, 95% CI Prevalence rates in females %, 95% CI
1991 2010 2010: age
adjusted ratesa
1991 2010 2010: age
adjusted ratesa
Current smokers 47.4, 44.5–50.3 26.2,* 23.4–29.0 25.9, 22.7–29.1 0 0 0
Lifetime abstainers (alcohol) 56.6, 53.7–59.5 57.5, 54.3–60.7 57.7, 52.8–62.5 100 99.8, 99.5–100 99.9, 94.2–100
BMI ≥ 25 kg/m2 (overweight/obese) 23.0, 20.3–25.7 45.3,* 40.9–49.7 43.5, 38.7–48.2 32.8, 30.2–35.5 61.1,* 57.1–65.2 59.8, 55.0–64.5
Total cholesterol >200 mg%
or on medication
24.8, 22.1–27.6 34.7,* 30.0–39.4 33.4, 29.1–37.7 24.8, 22.4–27.2 31.0, 27.6–34.4 29.4, 26.1–32.8
HDL ≤ 40 mg% 70.3, 67.4–73.2 84.5,* 81.7–87.3 84.4, 77.4–91.4 58.4, 55.6–61.2 76.7,* 74.0–79.4 77.1, 71.5–82.6
Triglycerides >190 mg% 21.0, 18.4–23.6 23.9, 20.1–27.8 23.3, 19.7–26.9 15.9, 13.8–17.9 14.2, 10.8–17.5 13.2, 10.9–15.4
BP ≥ 140/90 mm Hg or
on medication
19.6, 17.3–21.9 28.6,* 25.1–32.0 26.6, 22.9–30.2 17.2, 15.3–19.2 23.7,* 20.9–26.5 22.4, 19.5–25.2
Fasting sugar >140 mg%
or on medicationb
7.5, 5.8–9.2 21.4,* 18.2–24.6 20.2, 16.9–23.5 5.9, 4.6–7.2 19.3,* 16.7–21.9 17.7, 15.2–20.3
a Adjusted to 1991 survey population.
b Definition used in 1991 and raw data unavailable for re-classification.
* Chi-square p = 0.000, for comparison of rates in 1991 and 2010.
i n d i a n h e a r t j o u r n a l 6 8 ( 2 0 1 6 ) 2 6 3 – 2 6 9266population in this area improved considerably between the
two surveys. As there was a difference in age distribution of
the two survey populations, with a higher proportion of
participants aged below 40 years in the ﬁrst survey (Table 1),
age adjusted rates were calculated to compare prevalence
rates of various risk factors.
In the rural population, the proportion of current smokers
in the surveyed population decreased by 50% between the two
surveys, while the proportion of those who reported lifetime
abstinence to alcohol decreased by 20% (Table 2). While no
female in the rural area reported ever consuming alcohol in
1991–1994, there was a small proportion (1.7%) that did so in
2010–2012. The frequency of alcohol use among male current
drinkers decreased in the rural area from 65.2% consuming
alcohol at least once a week in 1991–1994, to only 47.7% doing
so in 2010–2012 (chi-square p < 0.001). However, there was no
signiﬁcant reduction in frequency of alcohol intake in the
urban area, with 56.5% of male current drinkers in 1991–1994
consuming alcohol at least once a week and 53.5% consuming
at least once a week in 2010–2012 (chi-square p = 0.681).The prevalence rates of diabetes (fasting sugar ≥126 mg% or
on medication) and BMI ≥ 25 kg/m2 (overweight/obese) among
30–60 year olds tripled during the 20-year period (Table 2). The
prevalence rates of hypertension (blood pressure ≥140/90 mm
Hg or on medication) and high total cholesterol doubled in the
rural area, even after adjusting for age (Table 2). There was also
a signiﬁcant increase in prevalence rates of triglycerides
>190 mg% among rural males.
A similar pattern of increase in risk factors was observed in
the urban areas with a few differences, although the increases
were less than the rural area, except for the proportion with
low HDL (≤40 mg%) which increased only in the urban sample
(Table 3). The proportion of lifetime abstainers to alcohol did
not change signiﬁcantly between the two surveys while
current smoking reduced by 50%. The rates of diabetes and
BMI ≥ 25 kg/m2 (overweight/obese) doubled while there was no
change in rates of hypertriglyceridemia (>190 mg%) (Table 3).
The increase in prevalence of diabetes, hypertension, and
overweight/obese in the rural and urban samples between
1991–1994 and 2010–2012 is depicted in Fig. 2.
Fig. 2 – Trends of diabetes, hypertension and overweight among adults aged 30–60 years.
Table 4 – Comparison of mean values of risk factors in 1991–1994 and 2010–2012.
Risk factors Rural: mean, SD and mean difference Urban: mean, SD and mean difference
Males Females Males Females
1991 (a) 2010 (b) b  a 1991 (a) 2010 (b) b  a 1991 (a) 2010 (b) b  a 1991(a) 2010 (b) b  a
Physical measurements
BMI (kg/m2) 20.3,
3.2
22.6,
3.9
2.3 20.6,
3.7
23.5,
4.7
2.9 22.4, 4.2 24.5,
4.4
2.1 23.4,
5.1
26.5,
5.3
3.1
Waist circumference
(cm)
74.7,
8.7
82.9,
11.0
8.2 68.6,
8.9
81.0,
12.0
12.4 80.6,
11.0
89.9,
11.3
9.3 74.7,
11.6
91.9,
11.0
17.2
Systolic blood pressure
(mm Hg)
110.0,
16.2
118.5,
17.9
8.5 110.3,
16.0
111.9,
12.0
1.6 117.4,
17.5
121.2,
18.7
3.8 118.2,
20.2
115.2,
19.0
3.0
Diastolic blood pressure
(mm Hg)
72.0,
11.1
77.7,
17.0
5.7 70.8,
9.6
74.7,
10.9
3.9 77.0,
11.1
79.1,
12.4
2.1 75.4,
11.5
76.5
11.3
1.1*
Biochemical risk factors
Fasting blood glucose
(mg%)
91.2,
28.1
99.0,
39.5
7.8 90.0,
21.6
97.8,
34.8
7.8 99.3,
35.7
109.6,
49.9
10.3 98.7,
36.8
109.7,
49.0
11.0
Total cholesterol
(mg%)
158.8,
39.4
175.6,
46.3
16.8 161.3,
38.0
173.7,
42.3
12.4 176.9,
41.1
184.5,
41.0
7.6 177.1,
40.8
180.6,
41.2
3.5y
Triglycerides
(mg%)
118.1,
75.2
140.8,
116.0
22.7 109.5,
61.6
111.6
72.4
2.1z 139.2,
77.0
154.6,
108.6
15.4 133.5,
74.4
122.4,
76.7
11.1
HDL (mg%) 37.2,
11.0
37.3,
11.9
0.3z 38.6,
9.9
40.0,
11.6
1.4 36.6,
11.8
30.6,
12.9
6.0 39.1,
11.9
33.6,
11.1
5.5
Independent t-test, p = 0.000 for all comparisons between 1991 and 2010, except those marked *p = 0.01, yp = 0.044, zp > 0.05.
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the urban and rural population (Table 4) except HDL, systolic
blood pressure, and triglycerides in rural females. The greatest
increase was seen in mean waist circumference of urban
females which increased by 23% with an increase of mean BMI
of 14%. Mean triglyceride levels among rural males increased
by 19.2%, while there was a signiﬁcant decline in HDL values
among urban participants with the maximum being a 16%
decline in HDL among urban males (Table 4).
4. Discussion
Although repeated cross sectional surveys are useful to
measure trends of non-communicable diseases and their riskfactors, there have been only a few such studies in India, such
as in urban Jaipur and Chennai.7–9 Utilization of the same
standardized methodology in repeated surveys would enable
direct comparison of results. With the availability of the WHO
STEPS methodology, this should now be possible in India,
where cross sectional surveys are now increasing using this
method.5,6,15–17 This study attempts to measure trends in risk
factors in a district in south India, comparing data available
from a survey done in the pre-STEPS era to a second survey
done using the STEPS method in the same location, and using
the comparison of standard indicators prescribed by the STEPS
methodology.
There has been a marked decrease in smoking in both rural
and urban Vellore since 1991, similar to international and
national trends among men.18 This is probably a reﬂection of
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nationwide tobacco control efforts which have decreased this
behavior. We did not ﬁnd a trend of increase in smoking
among women as reported elsewhere.19 Alcohol consumption
has increased in the rural areas as seen by the decrease in
percent of lifetime abstainers with no change in consumption
rates in the urban areas. This pattern of increase in proportion
of population consuming alcohol is consistent with other
studies in the region and the country and points to the need for
more measures to be taken to reduce its use.20–23 However, the
frequency of use by current drinkers appears to have
decreased since 1991–1994 with fewer drinkers reporting at
least once-a-week consumption in the rural areas.
The prevalence of diabetes has almost tripled and
hypertension doubled conﬁrming the trends seen throughout
the country.3,4,24,25 The prevalence of overweight/obesity was
high in both the rural and urban areas with a doubling of rates
since 1991, consistent with global trends of rising overweight
and mean BMI values.26–28 Similar trends of rising diabetes and
obesity were also reported from a study done in 1999 in three
villages near Chennai in comparison to a previous study 14
years earlier in a similar location.9 The rise in total cholesterol
and lowering of HDL values (in urban participants) in our study
was also consistent with that seen in other studies from India
and south Asia.8,29
The rise in prevalence of overweight/obese, hypertension,
diabetes, and dyslipidemia is probably related to lifestyle
changes, which are expected to have occurred with the
changing socio economic status of the population in the 20-
year period between the two surveys. Physical activity levels in
the two surveys could not be compared directly as the initial
survey did not use the STEPS questionnaire. However, the
proportion who reported moderate or heavy physical activity
in 1991–1994 was 90% in urban and 95% in rural areas, while
only 37% and 57% respectively were classiﬁed as having
moderate or vigorous activity in 2010 using the STEPS
questionnaire, indicating a trend towards lower physical
activity. Further details such as LDL levels, quantity of alcohol
consumption, and dietary practices although assessed in both
surveys could not be compared due to differences in methods
and deﬁnitions used.
As these two surveys were conducted in a single Municipal
Corporation and rural block of south India, it is generalizable
only to similar areas in south India. The previous survey did
not use the WHO STEPS questionnaire, which was unavailable
at the time, and hence it was possible to obtain comparative
data only for major diseases and conditions. However, the
deﬁnitions were standardized using the WHO STEPS method-
ology in order to obtain comparative indicators for both
surveys. The other strengths of this study were the large
sample sizes, similar methods used for most of the major risk
factors, quality control assessments for biochemical data in
both surveys and availability of socio-economic indicators for
both study periods.
The implications of the rising trends of cardiovascular risk
factors in both rural and urban India include the rising burden
on society, families and healthcare systems as well as the need
for prevention. Among females, the larger increase in some
risk factors such as waist circumference and BMI indicates the
need for greater interventions targeting women. It would bewise to increase the quantum of interventions for primary
prevention of these risk factors in the population. In the long
term, this will yield greater beneﬁt than secondary prevention
screening programs, which currently are the main focus of
intervention for diseases such as diabetes, hypertension, and
cancer both in the government program30 as well as the private
health sector. Feasible, locally acceptable, and affordable
primary prevention interventions focused on improving
physical activity and diet and decreasing tobacco and alcohol
use need to be studied and advocated by both governmental
and non-governmental organizations using a multifactorial
approach. It is vital that sentinel centers are identiﬁed to be
continually involved in surveillance and monitoring for non-
communicable diseases which need to be implemented in
various parts of the country in order to spur further action as
well as evaluate ongoing programs.31,32
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